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Abstract
Within framework of the µ from ν Supersymmetric Standard Model (µνSSM),
exotic singlet right-handed neutrino superfields induce new sources for lepton-
flavor violation. In this work, we investigate some lepton-flavor violating
processes in detail in the µνSSM. The numerical results indicate that the
branching ratios for lepton-flavor violating processes µ → eγ, τ → µγ and
µ → 3e can reach 10−12 when tanβ is large enough, which can be detected
in near future. We also discuss the constraint on the relevant parameter
space of the model from the muon anomalous magnetic dipole moment. In
addition, from the scalars for the µνSSM we strictly separate the Goldstone
bosons, which disappear in the physical gauge.
Keywords: Lepton-flavor violation, R-parity violation, supersymmetry,
anomalous magnetic dipole moment.
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1. Introduction
It is obviously evidence of new physics beyond the Standard Model (SM)
that if we observe lepton-flavor violating (LFV) processes in future experi-
ments, because the lepton-flavor number is conserved in the Standard Model.
In supersymmetric (SUSY) extensions of the SM, the R-parity of a particle
is defined as R = (−1)L+3B+2S [1] and can be violated if either the baryon
number (B) or lepton number (L) is not conserved [2, 3], where S denotes
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the spin of concerned component field. Note that R = +1 for particles and
−1 for superparticles.
Differing from the models in Refs.[2, 3], the authors of Ref.[4] propose
a supersymmetric extension of the SM named as the “µ from ν Supersym-
metric Standard Model” (µνSSM), which solves the µ problem [5] of the
Minimal Supersymmetric Standard Model (MSSM) [6] through the lepton
number and R-parity breaking couplings between the right-handed neutrino
superfields and the Higgses ǫabλiνˆ
c
i Hˆ
a
d Hˆ
b
u in the superpotential. The effective
µ term ǫabµHˆ
a
d Hˆ
b
u is generated spontaneously through right-handed sneutrino
vacuum expectation values (VEVs), µ = λi 〈ν˜ci 〉, as the electroweak symme-
try is broken (EWSB). Note that a popular model is the so-called Bilinear
R-parity Violation (BRpV) model [3], where the BRpV terms ǫabεiHˆ
b
uLˆ
a
i are
added to the MSSM. The effective BRpV terms are generated spontaneously
through the R-parity conserved terms ǫabYνij νˆ
c
j Hˆ
b
uLˆ
a
i in the superpotential of
the µνSSM, and εi = Yνij
〈
ν˜cj
〉
, as EWSB. So largely differing from the other
models [2, 3], the µνSSM introduces three exotic right-handed sneutrinos νˆci ,
and once EWSB the right-handed sneutrinos give nonzero VEVs. In addi-
tion, the nonzero VEVs of right-handed sneutrinos induce new sources for
lepton-flavor violation. In this work, we analyze the constraints on param-
eter space of this model from the experimental observations on some LFV
processes and muon anomalous magnetic dipole moment (MDM).
If the left-handed scalar neutrinos acquire nonzero vacuum expectation
values when the electroweak symmetry is broken , the tiny neutrino masses
are aroused [7] to account for the experimental data on neutrino oscillations
[8, 9, 10]. Three flavor neutrinos νe,µ,τ are mixed into three massive neutrinos
ν1,2,3 during their flight, and the mixings are described by the Pontecorvo-
Maki-Nakagawa-Sakata unitary matrix U
PMNS
[11]. The experimental obser-
vations of the parameters in U
PMNS
for the normal mass hierarchy [12] show
that [13]
∆m221 = 7.58
+0.22
−0.26 × 10−5eV2 , ∆m232 = 2.35+0.12−0.09 × 10−3eV2 ,
sin2 θ12 = 0.306
+0.018
−0.015, sin
2 θ23 = 0.42
+0.08
−0.03, sin
2 θ13 = 0.021
+0.007
−0.008.(1)
Note that the Daya Bay Reactor Neutrino Experiment has measured a nonzero
value for the neutrino mixing angle θ13 with a significance of 5.2 standard
deviations recently [14]. Differing from the BRpV model, where one neutrino
mass is generated at tree level and the other two at one loop [15], the µνSSM
can generate three neutrino masses at the tree level through the mixing with
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the neutralinos including three right-handed neutrinos [16, 17]. Here, we
use the neutrino experimental data presented in Eq.(1) to restrain the in-
put parameters in the model. Then, we analyze the branching ratios for the
various LFV processes: µ → eγ, τ → µγ, µ → 3e, etc., and the corrections
to the anomalous magnetic dipole moment of the muon aµ in the µνSSM.
The numerical results indicate that the new physics contributes large correc-
tions to the branching ratios of the mentioned LFV processes and aµ in some
parameter space of the model.
The outline of the paper is as follow. In section 2, we present the in-
gredients of the µνSSM by introducing its superpotential and the general
soft SUSY-breaking terms, in particular we strictly separate the unphysical
Goldstone bosons from the scalars. In section 3, we analyze the decay width
of those interested rare LFV processes, and present the SUSY contribution
to muon MDM in section 4. The numerical analysis is given in section 5,
and the conclusions are summarized in section 6. The tedious formulae are
collected in Appendices.
2. The µνSSM
Besides the superfields of the MSSM, the µνSSM introduces three exotic
gauge singlet neutrino superfields νˆci . The corresponding superpotential of
the µνSSM is given as [4]
W = ǫab
(
YuijHˆ
b
uQˆ
a
i uˆ
c
j + YdijHˆ
a
d Qˆ
b
i dˆ
c
j + YeijHˆ
a
d Lˆ
b
i eˆ
c
j + YνijHˆ
b
uLˆ
a
i νˆ
c
j
)
− ǫabλiνˆci Hˆad Hˆbu +
1
3
κijkνˆ
c
i νˆ
c
j νˆ
c
k , (2)
where HˆTd =
(
Hˆ0d , Hˆ
−
d
)
, HˆTu =
(
Hˆ+u , Hˆ
0
u
)
, QˆTi =
(
uˆi, dˆi
)
, LˆTi =
(
νˆi, eˆi
)
(the
index T denotes the transposition) are SU(2) doublet superfields, and dˆcj ,
uˆcj and eˆ
c
j represent the singlet down-type quark, up-type quark and lepton
superfields, respectively. In addition, Yu,d,e,ν, λ and κ are dimensionless ma-
trices, a vector and a totally symmetric tensor. a, b are SU(2) indices with
antisymmetric tensor ǫ12 = −ǫ21 = 1, and i, j = 1, 2, 3. The summation
convention is implied on repeated indices.
In the superpotential, the first three terms are almost the same as the
MSSM. Next two terms can generate the effective bilinear terms ǫabεiHˆ
b
uLˆ
a
i ,
ǫabµHˆ
a
d Hˆ
b
u, and εi = Yνij
〈
ν˜cj
〉
, µ = λi 〈ν˜ci 〉, once the electroweak symmetry
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is broken. The last term can generate the effective Majorana masses for
neutrinos at the electroweak scale. And the last two terms explicitly violate
lepton number and R-parity.
The general soft SUSY-breaking terms in the µνSSM are given by
−Lsoft = m2Q˜ijQ˜
a∗
i Q˜
a
j +m
2
u˜cij
u˜c∗i u˜
c
j +m
2
d˜cij
d˜c∗i d˜
c
j +m
2
L˜ij
L˜a∗i L˜
a
j
+m2e˜cij e˜
c∗
i e˜
c
j +m
2
Hd
Ha∗d H
a
d +m
2
Hu
Ha∗u H
a
u +m
2
ν˜cij
ν˜c∗i ν˜
c
j
+ ǫab
[
(AuYu)ijH
b
uQ˜
a
i u˜
c
j + (AdYd)ijH
a
d Q˜
b
i d˜
c
j + (AeYe)ijH
a
d L˜
b
i e˜
c
j +H.c.
]
+
[
ǫab(AνYν)ijH
b
uL˜
a
i ν˜
c
j − ǫab(Aλλ)iν˜ciHadHbu +
1
3
(Aκκ)ijkν˜
c
i ν˜
c
j ν˜
c
k +H.c.
]
− 1
2
(
M3λ˜3λ˜3 +M2λ˜2λ˜2 +M1λ˜1λ˜1 +H.c.
)
. (3)
Here, the front two lines contain squared-mass terms of squarks, sleptons and
Higgses. The next two lines consist of the trilinear scalar couplings. In the
last line, M3, M2 and M1 denote Majorana masses corresponding to SU(3),
SU(2) and U(1) gauginos λˆ3, λˆ2 and λˆ1, respectively. In addition to the
terms from Lsoft, the tree-level scalar potential receives the usual D and F
term contributions [4].
When the electroweak symmetry is spontaneously broken (EWSB), the
neutral scalars develop in general the vacuum expectation values (VEVs):
〈H0d〉 = υd, 〈H0u〉 = υu, 〈ν˜i〉 = υνi, 〈ν˜ci 〉 = υνci . (4)
Thus one can define neutral scalars as usual
H0d =
hd + iPd√
2
+ υd , H
0
u =
hu + iPu√
2
+ υu ,
ν˜i =
(ν˜i)
R + i(ν˜i)
I
√
2
+ υνi , ν˜
c
i =
(ν˜ci )
R + i(ν˜ci )
I
√
2
+ υνci . (5)
For simplicity we will assume that all parameters in the potential are
real in the following. After EWSB, the scalars mass matrices M2S, M
2
P and
M2S± are given in Appendix B. The CP-odd neutral scalars mass matrix M
2
P
contains a massless unphysical Goldstone boson G0, which can be written as
G0 =
1√
υ2d + υ
2
u + υνiυνi
(
υdPd − υuPu + υνi(ν˜i)I
)
(6)
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with an 8× 8 unitary matrix ZH
ZH =


υd
υ
EW
υu
υ
SM
υν1υd
υ
EW
υ
SM
υν2υd
υ
EW
υ
SM
υν3υd
υ
EW
υ
SM
03×1
− υu
υ
EW
υd
υ
SM
− υν1υu
υ
EW
υ
SM
− υν2υu
υ
EW
υ
SM
− υν3υu
υ
EW
υ
SM
03×1
υν1
υ
EW
0 − υSM
υ
EW
υν3
υ
EW
− υν2
υ
EW
03×1
υν2
υ
EW
0 − υν3
υ
EW
− υSM
υ
EW
υν1
υ
EW
03×1
υν3
υ
EW
0
υν2
υ
EW
− υν1
υ
EW
− υSM
υ
EW
03×1
01×3 01×3 01×3 01×3 01×3 13×3


, (7)
where υ
SM
=
√
υ2d + υ
2
u and υEW =
√
υ2d + υ
2
u + υνiυνi. Making use of the
minimization conditions of the tree-level neutral scalar potential, which are
given in Appendix A, we have

(ZTHM
2
PZH)11 = 0 ,
(ZTHM
2
PZH)1α = (Z
T
HM
2
PZH)α1 = 0, α = 2, . . . , 8.
(8)
The remaining 7×7 matrix
(
(ZTHM
2
PZH)αβ
)
(α, β = 2, . . . , 8) can be further
diagonalized, and then gives seven diagonal masses. The charged scalars
mass matrix M2
S±
also contains the massless unphysical Goldstone bosons
G±, which can be written as
G± =
1√
υ2d + υ
2
u + υνiυνi
(
υdH
±
d − υuH±u + υνi e˜±Li
)
(9)
with the unitary matrix ZH and

(ZTHM
2
S±ZH)11 = 0 ,
(ZTHM
2
S±ZH)1α = (Z
T
HM
2
S±ZH)α1 = 0, α = 2, . . . , 8.
(10)
In the physical (unitary) gauge, the Goldstone bosons G0 and G± are eaten
by Z-boson and W -boson, respectively, and disappear from the Lagrangian.
Then the mass squared of charged and neutral gauge boson are

m2W =
e2
2s2
W
(
υ2u + υ
2
d + υνiυνi
)
,
m2Z =
e2
2s2
W
c2
W
(
υ2u + υ
2
d + υνiυνi
)
,
(11)
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and
tanβ =
υu√
υ2d + υνiυνi
. (12)
Here e is the electromagnetic coupling constant, s
W
= sin θ
W
and c
W
= cos θ
W
with θ
W
is the Weinberg angle, respectively.
3. Lepton-flavor violation in the µνSSM
In this section, we present the analysis on the decay width of the rare
LFV processes l−j → l−i γ and l−j → l−i l−i l+i in the µνSSM. For this study we
will use the indices β, ζ = 1, . . . , 5, α, ρ = 1, . . . , 8, and η, σ = 1, . . . , 10. And
the summation convention is implied on the repeated indices.
3.1. Rare decay l−j → l−i γ
lj(p) li(p+ q)
S−α S
−
ρ
γ(q)
χ0η
(a)
lj(p) li(p+ q)Sα, Pα
χβ χζ
γ(q)
(b)
Figure 1: Feynman diagrams for the LFV process l−j → l−i γ. (a) represents the contri-
butions from neutral fermions χ0η and charged scalars S
−
α,ρ loops, while (b) represents the
contributions from charged fermions χβ,ζ and neutral scalars Nα (N = S, P ) loops.
The amplitude for l−j → l−i γ (including µ→ eγ and τ → µγ ) is generally
written as [18]
T = eǫµu¯i(p+ q)
[
q2γµ(A
L
1PL + A
R
1 PR)
+mlj iσµνq
ν(AL2PL + A
R
2 PR)
]
uj(p) , (13)
where q is the injecting photon momentum, p is the injecting lepton momen-
tum, and mlj is the mass of the j-th generation charged lepton, respectively.
Furthermore, ǫ is the photon polarization vector, ui(p) (vi(p) in the expres-
sions below) is the wave function for lepton (antilepton), and PL =
1
2
(1− γ5),
6
PR =
1
2
(1 + γ5). Here, the Feynman diagrams contributing to the above am-
plitude are shown in Fig.1. And the coefficients can be written by
AL,Ra = A
(n)L,R
a + A
(c)L,R
a (a = 1, 2) , (14)
where A
(n)L,R
a denote the contributions from the virtual neutral fermion loops,
and A
(c)L,R
a stand for the contributions from the virtual charged fermion
loops, respectively. After integrating the heavy freedoms out, we formulate
those coefficients as follows
A
(n)L
1 =
1
6m2W
C
S−α χ
◦
ηχ¯i
R C
S−∗α χjχ¯
◦
η
L I4(xχ◦η , xS−α ) ,
A
(n)L
2 =
mχ◦η
mljm
2
W
C
S−α χ
◦
ηχ¯i
L C
S−∗α χj χ¯
◦
η
L
[
I3(xχ◦η , xS−α )− I1(xχ◦η , xS−α )
]
,
A(n)Ra = A
(n)L
a
∣∣
L↔R , (15)
where the concrete expressions for form factors Ik (k = 1, . . . , 4) can be
found in Appendix E. Additionally, x = m2/m2W , m is the mass for the
corresponding particle and mW is the mass for the W -boson, respectively.
In a similar way, the corrections from the Feynman diagrams with virtual
charged fermions are
A
(c)L
1 =
∑
N=S,P
1
6m2W
C
Nαχβχ¯i
R C
Nαχjχ¯β
L
[
I1(xχβ , xNα)− 2I2(xχβ , xNα)
−I4(xχβ , xNα)
]
,
A
(c)L
2 =
∑
N=S,P
mχβ
mljm
2
W
C
Nαχβχ¯i
L C
Nαχjχ¯β
L
[
I1(xχβ , xNα)− I2(xχβ , xNα)
−I4(xχβ , xNα)
]
,
A(c)Ra = A
(c)L
a
∣∣
L↔R . (16)
Using the amplitude presented in Eq.(13), we then obtain the decay width
for l−j → l−i γ as [18]
Γ(l−j → l−i γ) =
e2
16π
m5lj
(∣∣AL2 ∣∣2 + ∣∣AR2 ∣∣2) . (17)
And the branching ratio of l−j → l−i γ is
Br(l−j → l−i γ) =
Γ(l−j → l−i γ)
Γl−j
, (18)
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where Γl−j denotes the total decay rate of the lepton l
−
j . In the numerical
calculation, Γµ ≈ 2.996×10−19GeV for the muon and Γτ ≈ 2.265×10−12GeV
for the tauon.
3.2. Rare decay l−j → l−i l−i l+i
lj(p) li(p1)
li(p2) li(p3)
γ, Z
Figure 2: Penguin-type diagrams for the LFV process l−j → l−i l−i l+i in which a photon γ
and Z-boson are exchanged. The blob indicates an l−j − l−i − γ vertex such as Fig.1 or
l−j − l−i − Z vertex where the Z-boson is external.
For the rare LFV processes l−j → l−i l−i l+i (including µ → 3e), the cor-
responding effective Hamilton originates from penguin-type diagrams and
from box-type diagrams. The γ-penguin contribution can be computed us-
ing Eq.(13), with the result
Tγ−p = u¯i(p1)
[
q2γµ(A
L
1PL + A
R
1 PR) +mlj iσµνq
ν(AL2PL + A
R
2 PR)
]
uj(p)
× e
2
q2
u¯i(p2)γ
µvi(p3)− (p1 ↔ p2) . (19)
Similarly, the contribution from Z-penguin diagrams which are depicted by
Fig.2 is
TZ−p =
e2
m2Z
u¯i(p1)γµ(FLPL + FRPR)uj(p)u¯i(p2)γ
µ
(
C
Zχ2+iχ¯2+i
L PL
+ C
Zχ2+iχ¯2+i
R PR
)
vi(p3)− (p1 ↔ p2) , (20)
where mZ is the mass for the Z-boson and
FL,R = F
(n)
L,R + F
(c)
L,R . (21)
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The contributions to the effective couplings F
(n)
L,R and F
(c)
L,R are
F
(n)
L =
∑
N=S,P
[mχζmχβ
e2m2W
C
Nαχζχ¯i
R C
Zχβχ¯ζ
L C
Nαχj χ¯β
L G1(xNα , xχζ , xχβ)
− 1
2e2
C
Nαχζ χ¯i
R C
Zχβχ¯ζ
R C
Nαχjχ¯β
L G2(xNα , xχζ , xχβ)
]
,
F
(c)
L =
1
2e2
C
S−ρ χ
0
ηχ¯i
R C
ZS−α S
−∗
ρ
R C
S−∗α χjχ¯
0
η
L G2(xχ0η , xS−α , xS−ρ ) ,
F
(n,c)
R = F
(n,c)
L
∣∣∣ L↔R . (22)
Here, the concrete expressions for Gk are given in Appendix E.
lj(p)
li(p2)
li(p1)
li(p3)
χ0η
χ0η
χ0σ
χ0σ
S−α S−αS
−
ρ S
−
ρ
lj(p) li(p1)
li(p2) li(p3)
(a)
lj(p) li(p1)
li(p2) li(p3)χβ
χζ
Sα, Pα Sρ, Pρ
(b)
Figure 3: Box-type diagrams for the LFV process l−j → l−i l−i l+i . (a) represents the contri-
butions from neutral fermions χ0η,σ and charged scalars S
−
α,ρ loops, and (b) represents the
contributions from charged fermions χβ,ζ and neutral scalars Nα,ρ (N = S, P ) loops.
Furthermore, the effective Hamilton from the box-type diagrams which
are drawn in Fig.3 can be written as
Tbox =
{
BL1 e
2u¯i(p1)γµPLuj(p)u¯i(p2)γ
µPLvi(p3) + (L↔ R)
}
+
{
BL2 e
2
[
u¯i(p1)γµPLuj(p)u¯i(p2)γ
µPRvi(p3)− (p1 ↔ p2)
]
+ (L↔ R)
}
+
{
BL3 e
2
[
u¯i(p1)PLuj(p)u¯i(p2)PLvi(p3)− (p1 ↔ p2)
]
+ (L↔ R)
}
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+
{
BL4 e
2
[
u¯i(p1)σµνPLuj(p)u¯i(p2)σ
µνPLvi(p3)− (p1 ↔ p2)
]
+ (L↔ R)
}
(23)
with
BL,Ra = B
(n)L,R
a +B
(c)L,R
a (a = 1, . . . , 4) . (24)
The effective couplings B
(n)L,R
a originate from those box diagrams with virtual
neutral fermion contributions:
B
(n)L
1 =
mχ0ηmχ0σ
e2m4W
G3(xχ0η , xχ0σ , xS−α , xS−ρ )C
S−ρ χ
0
ηχ¯i
L C
S−∗α χjχ¯
0
η
L C
S−ρ χ
0
σχ¯i
R C
S−∗α χiχ¯
0
σ
R
+
1
2e2m2W
G4(xχ0η , xχ0σ , xS−α , xS−ρ )
[
C
S−ρ χ
0
ηχ¯i
R C
S−∗α χj χ¯
0
η
L C
S−α χ
0
σχ¯i
R C
S−∗ρ χiχ¯
0
σ
L
+ C
S−ρ χ
0
ηχ¯i
L C
S−∗α χjχ¯
0
η
R C
S−ρ χ
0
σχ¯i
R C
S−∗α χiχ¯
0
σ
L
]
,
B
(n)L
2 = −
mχ0ηmχ0σ
2e2m4W
G3(xχ0η , xχ0σ , xS−α , xS−ρ )C
S−ρ χ
0
ηχ¯i
R C
S−∗α χjχ¯
0
η
R C
S−α χ
0
σχ¯i
L C
S−∗ρ χiχ¯
0
σ
L
+
1
4e2m2W
G4(xχ0η , xχ0σ , xS−α , xS−ρ )
[
C
S−ρ χ
0
ηχ¯i
R C
S−∗α χj χ¯
0
η
L C
S−α χ
0
σχ¯i
L C
S−∗ρ χiχ¯
0
σ
R
+ C
S−ρ χ
0
ηχ¯i
R C
S−∗α χjχ¯
0
η
L C
S−ρ χ
0
σχ¯i
R C
S−∗α χiχ¯
0
σ
L
]
,
B
(n)L
3 =
mχ0ηmχ0σ
e2m4W
G3(xχ0η , xχ0σ , xS−α , xS−ρ )
[
C
S−ρ χ
0
ηχ¯i
L C
S−∗α χjχ¯
0
η
L C
S−α χ
0
σχ¯i
L C
S−∗ρ χiχ¯
0
σ
L
− 1
2
C
S−ρ χ
0
ηχ¯i
L C
S−∗α χjχ¯
0
η
L C
S−ρ χ
0
σχ¯i
L C
S−∗α χiχ¯
0
σ
L
]
,
B
(n)L
4 =
mχ0ηmχ0σ
8e2m4W
G3(xχ0η , xχ0σ , xS−α , xS−ρ )C
S−ρ χ
0
ηχ¯i
L C
S−∗α χjχ¯
0
η
L C
S−ρ χ
0
σχ¯i
L C
S−∗α χiχ¯
0
σ
L ,
B(n)Ra = B
(n)L
a
∣∣
L↔R . (25)
Correspondingly, the effective couplings from the box diagrams with virtual
charged fermion contributions B
(c)L,R
a are
B
(c)L
1 =
∑
N=S,P
1
2e2m2W
G4(xχζ , xχβ , xNα , xNρ)C
Nρχζχ¯i
R C
Nαχjχ¯ζ
L C
Nαχβχ¯i
R C
Nρχiχ¯β
L ,
B
(c)L
2 =
∑
N=S,P
[ 1
4e2m2W
G4(xχζ , xχβ , xNα , xNρ)C
Nρχζ χ¯i
R C
Nαχjχ¯ζ
L C
Nαχβχ¯i
L C
Nρχiχ¯β
R
−mχζmχβ
2e2m4W
G3(xχζ , xχβ , xNα, xNρ)C
Nρχζχ¯i
R C
Nαχj χ¯ζ
R C
Nαχβχ¯i
L C
Nρχiχ¯β
L
]
,
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B
(c)L
3 =
∑
N=S,P
mχζmχβ
e2m4W
G3(xχζ , xχβ , xNα, xNρ)C
Nρχζ χ¯i
L C
Nαχj χ¯ζ
L C
Nαχβ χ¯i
L C
Nρχiχ¯β
L ,
B
(c)L
4 = 0 ,
B(c)Ra = B
(c)L
a
∣∣
L↔R . (26)
Using the expression for the above amplitude, we can calculate the decay
width for l−j → l−i l−i l+i [18]:
Γ(l−j → l−i l−i l+i ) =
e4
512π3
m5lj
{
(
∣∣AL2 ∣∣2 + ∣∣AR2 ∣∣2)(163 ln mlj2mli −
14
9
)
+ (
∣∣AL1 ∣∣2 + ∣∣AR1 ∣∣2)− 2(AL1AR∗2 + AL2AR∗1 +H.c.) + 16(
∣∣BL1 ∣∣2 + ∣∣BR1 ∣∣2)
+
1
3
(
∣∣BL2 ∣∣2 + ∣∣BR2 ∣∣2) + 124(
∣∣BL3 ∣∣2 + ∣∣BR3 ∣∣2) + 6(∣∣BL4 ∣∣2 + ∣∣BR4 ∣∣2)
− 1
2
(BL3 B
L∗
4 +B
R
3 A
R∗
4 +H.c.) +
1
3
(AL1B
L∗
1 + A
R
1 B
R∗
1 + A
L
1B
L∗
2
+ AR1 B
R∗
2 +H.c.)−
2
3
(AR2 B
L∗
1 + A
L
2B
R∗
1 + A
L
2B
R∗
2 + A
R
2 B
L∗
2 + H.c.)
+
1
3
[
2(|FLL|2 + |FRR|2) + (|FLR|2 + |FRL|2) + (BL1 F ∗LL +BR1 F ∗RR
+BL2 F
∗
LR +B
R
2 F
∗
RL +H.c.) + 2(A
L
1F
∗
LL + A
R
1 F
∗
RR +H.c.)
+ (AL1F
∗
LR + A
R
1 F
∗
RL +H.c.)− 4(AR2 F ∗LL + AL2F ∗RR +H.c.)
− 2(AL2F ∗RL + AR2 F ∗LR +H.c.)
]}
(27)
with
FLL =
FLC
Zχ2+iχ¯2+i
L
m2Z
, FRR = FLL |L↔R ,
FLR =
FLC
Zχ2+iχ¯2+i
R
m2Z
, FRL = FLR |L↔R . (28)
And the branching ratio of l−j → l−i l−i l+i is
Br(l−j → l−i l−i l+i ) =
Γ(l−j → l−i l−i l+i )
Γl−j
. (29)
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4. (g − 2)µ in the µνSSM
The anomalous magnetic dipole moment (MDM) of the muon can be
actually be written as the operator
LMDM = e
4mµ
aµ l¯µσ
αβlµFαβ , (30)
where σαβ = i
2
[γα, γβ], Fαβ is the electromagnetic field strength, lµ denotes
the muon which is on-shell, mµ is the muon mass and aµ =
1
2
(g − 2)µ.
Adopting the effective Lagrangian approach, we can get [19]
aµ =
4Qfm
2
µ
(4π)2
ℜ(CR2 + CL∗2 + CR6 ) , (31)
where Qf = −1, ℜ(· · ·) represents the operation to take the real part of a
complex number and CL,R2,6 denote the Wilson coefficients of the corresponding
operators OL,R2,6
OL,R2 =
eQf
(4π)2
(iDαlµ)γαF · σPL,Rlµ ,
OL,R6 =
eQfmµ
(4π)2
lµF · σPL,Rlµ . (32)
In the µνSSM, the SUSY corrections can be written as
CL,R2,6 = C
L,R(n)
2,6 + C
L,R(c)
2,6 . (33)
The effective couplings C
L,R(n)
2,6 represent the contributions from the triangle
diagrams with virtual neutralinos
C
R(n)
2 =
(4π)2
Qfm
2
W
C
S−α χ
◦
ηχ¯4
L C
S−∗α χ4χ¯
◦
η
R
[
− I3(xχ◦η , xS−α ) + I4(xχ◦η , xS−α )
]
,
C
R(n)
6 =
(4π)2mχ◦η
Qfm2Wmµ
C
S−α χ
◦
ηχ¯4
R C
S−∗α χ4χ¯
◦
η
R
[
− 2I1(xχ◦η , xS−α ) + 2I3(xχ◦η , xS−α )
]
,
C
L(n)
2,6 = C
R(n)
2,6 |L↔R . (34)
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Similarly, the contributions C
L,R(c)
2,6 originating from triangle diagrams with
virtual charginos are
C
R(c)
2 =
∑
N=S,P
(4π)2
Qfm
2
W
C
Nαχβχ¯4
R C
Nαχ4χ¯β
L
[
− I1(xχβ , xNα) + 2I3(xχβ , xNα)
−I4(xχβ , xNα)
]
,
C
R(c)
6 =
∑
N=S,P
(4π)2mχβ
Qfm2Wmµ
C
Nαχβχ¯4
R C
Nαχ4χ¯β
R
[
2I1(xχβ , xNα)− 2I2(xχβ , xNα)
−2I3(xχβ , xNα)
]
,
C
L(c)
2,6 = C
R(c)
2,6 |L↔R . (35)
5. The numerical results
5.1. The parameter space
It is well known that there are many free parameters in various SUSY
extensions of the SM. In order to obtain a more transparent numerical re-
sults, we take some assumptions on parameter space of the µνSSM before
we perform the numerical analysis.
In lepton sector, we adopt the minimal flavor violation (MFV) assump-
tions
κijk = κ and (Aκκ)ijk = Aκκ, if i = j = k, and zero otherwise,
m2
L˜ij
= m2
L˜i
δij , m
2
ν˜cij
= m2ν˜ci δij , m
2
e˜cij
= m2e˜cδij ,
Yνij = Yνiδij , Yeij = Yeiδij , λi = λ, υνci = υνc ,
(AνYν)ij = AνYνiδij, (AeYe)ij = AeYeiδij , and (Aλλ)i = Aλλ, (36)
where i, j, k = 1, 2, 3.
The 3×3 matrix Yν determines the Dirac masses for the neutrinos Yνυu ∼
mD, and the tiny neutrino masses are obtained through TeV scale seesaw
mechanism mν ∼ mDm−1N mTD. This indicates that the nonzero VEVs of
left-handed sneutrinos satisfy υνi ≪ υu,d, then
tanβ ≃ υu
υd
. (37)
13
Assuming that the charged lepton mass matrix in the flavor basic is in
the diagonal form, we get
Yei =
mli
υd
, (38)
where mli is the charged lepton li mass, and we parameterize the unitary
matrix which diagonalizes the effective light neutrino mass matrix meff (can
be found in Appendix C) as [20]
Uν =

 c12c13 s12c13 s13e−iδ−s12c23 − c12s23s13eiδ c12c23 − s12s23s13eiδ s23c13
s12s23 − c12c23s13eiδ −c12s23 − s12c23s13eiδ c23c13


× diag(1, eiα212 , eiα312 ) , (39)
where cij = cos θij , sij = sin θij , the angles θij = [ 0, π/2 ], δ = [ 0, 2π ] is
the Dirac CP violation phase and α21, α31 are two Majorana CP violation
phases. Here, we choose δ = α21 = α31 = 0. Uν diagonalizes meff in the
following way:
UTν m
T
effmeffUν = diag(m
2
ν1
, m2ν2, m
2
ν3
) , (40)
where the neutrino mass mνi connected with experimental measurements
through
m2ν2 −m2ν1 = ∆m221, m2ν3 −m2ν2 = ∆m232. (41)
The combination of Eq.(39), Eq.(40), Eq.(41) with neutrino oscillation ex-
perimental data gives some strong constraints on relevant parameter space
of the µνSSM.
At the EW scale, the soft masses m2
H˜d
, m2
H˜u
, m2
L˜i
and m2ν˜ci are derived
from the minimization conditions of the tree-level neutral scalar potential,
which are given in Appendix A. Implying the approximate GUT relation
M1 =
α21
α2
2
M2 ≈ 0.5M2, the free parameters affect our analysis are
λ, κ, tan β, Aλ,κ,ν,e, me˜c , υνc , M2 . (42)
To obtain the Yukawa couplings Yνi and υνi from Eq.(40), we assume
the neutrinos masses satisfying mν1<mν2<mν3 , and choose mν2 = 10
−2 eV as
input in our numerical analysis. Then we can getmν1,3 from the experimental
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data on the differences of neutrino mass squared. For Uν , the values of θij
are obtained from the experimental data in Eq.(1). And the effective light
neutrino mass matrix meff can approximate as [16]
meffij ≈
2Aυνc
3∆
bibj +
1− 3δij
6κυνc
aiaj , (43)
where
∆ = λ2(υ2d + υ
2
u)
2
+ 4λκυ2νcυdυu − 12λ2υνcAB ,
A = κυ2νc + λυdυu ,
1
B
=
e2
c2
W
M1
+
e2
s2
W
M2
,
ai = Yνiυu , bi = Yνiυd + 3λυνi . (44)
Then, we can numerically derive Yνi ∼ O(10−7) and υνi ∼ O(10−4GeV) from
Eq.(40).
5.2. Branching ratio of LFV processes
Experimental bound
tanΒ=3
tanΒ=10
tanΒ=30
1 2 3 4 5 6 7
10-15
10-14
10-13
10-12
10-11
M2TeV
B
rH
Μ
-
eΓ
L
Figure 4: Branching ratio for the process µ → eγ varies with M2 for tanβ = 3, 10, 30,
respectively.
Considering the research of the µνSSM [4], we choose the relevant pa-
rameters as λ = 0.1, κ = 0.01, me˜c = Ae = Aλ = 1 TeV, Aν = Aκ = −1 TeV
and υνc = 800 GeV in next numerical analysis for convenience. With those
assumptions on parameter space, we present the branching ratio of µ → eγ
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Experimental bound
 tanΒ=30
tanΒ=10
tanΒ=3
1 2 3 4 5 6 7
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5´ 10-14
1´ 10-13
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5´ 10-13
1´ 10-12
2´ 10-12
M2TeV
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rH
Μ
®
3e
L
Figure 5: Branching ratio for the process µ → 3e varies with M2 for tanβ = 3, 10, 30,
respectively.
versus M2 in Fig.4. As M2 ≤ 2 TeV, the theoretical evaluations exceed the
upper experimental bound easily. The fact implies that experimental data
do not favor small M2. Along with increasing of M2, theoretical evaluation
on the branching ratio of µ → eγ decreases steeply. As M2 = 3 TeV and
tanβ = 10, theoretical evaluation on the branching ratio of µ→ eγ is about
5 × 10−13 which can be detected in near future. In the future, the expected
sensitivity for Br(µ→ eγ) would be of order 10−13 [21]. Differing from LFV
processes which are researched in the BRpV model [22], the large VEVs of
right-handed sneutrinos in the µνSSM induce new sources for lepton-flavor
violation. So, here the branching ratio of µ→ eγ can easily reach the upper
experimental bound 2.4× 10−12 [13].
We also investigate the µ → 3e processes in detail. And the branching
ratio of µ → 3e is also decreases with increasing of M2, and raises with
increasing of tan β, which is presented in the Fig.5. By Introducing the right-
handed sneutrinos which the VEVs are nonzero to the µνSSM, the branching
ratio of µ → 3e can also easily reach the upper experimental bound 10−12
[13]. We can see that the experimental bounds of the branching ratio of
µ→ 3e and µ→ eγ give very strong constraints on the µνSSM.
In Fig.6, we show the branching ratio for τ → µγ versus M2 as tan β =
3, 10, 30. Similar to the case of µ → eγ, the evaluation on the branching
ratio for τ → µγ decreases with increasing of M2, and is enhanced by large
tanβ. As M2 = 3 TeV and tanβ = 10, Br(τ → µγ) ≈ 10−13 is four orders
below the expected sensitivity 10−9 [23].
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Experimental bound
tanΒ=30
tanΒ=10
tanΒ=3
1 2 3 4 5 6 7
10-16
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Μ
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Figure 6: Branching ratio for the process τ → µγ varies with M2 for tanβ = 3, 10, 30,
respectively.
5.3. Muon anomalous magnetic dipole moment
upper bound
lower bound
tanΒ=3
tanΒ=10
tanΒ=30
0 1 2 3 4 5 6 7
0
2.´ 10-9
4.´ 10-9
6.´ 10-9
8.´ 10-9
1.´ 10-8
M2TeV
Hg
-
2L
ΜSU
SY
Figure 7: The SUSY contribution to the anomalous magnetic dipole moment of the muon
varies with M2 for tanβ = 3, 10, 30, respectively. The gray area denotes the ∆aµ at 1.8
standard deviation.
Finally, we analyze the anomalous magnetic dipole moment of the muon
in the µνSSM. Rescaled the final result of the E821 Collaboration at BNL
[24] using µ/p magnetic moment ratio of 3.183345137(85) from ref.[25], the
PDG Collaboration [13] gives the world average of muon anomalous magnetic
dipole moment
aexpµ =
1
2
(gµ − 2) = 11659208.9(5.4)(3.3)× 10−10 , (45)
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where the statistical and systematic uncertainties are given, respectively.
And the Standard Model (SM) prediction [13] is
aSMµ = 11659184.1(4.8)× 10−10 . (46)
So, the difference between experiment and the SM prediction
∆aµ = a
exp
µ − aSMµ = 24.8(8.7)(4.8)× 10−10 , (47)
represents an interesting but not yet conclusive discrepancy of 1.8 standard
deviation. An alternate interpretation is that ∆aµ may be a new physics sig-
nal with supersymmetric particle loops as the leading candidate explanation.
If treated the supersymmetry as the leading explanation, parameter space of
the µνSSM should be constrained by the experimental data on ∆aµ.
The SUSY contribution to the muon anomalous magnetic dipole moment
in the µνSSM is shown in Fig.7. The result shows that when tan β = 3, ∆aµ
constrains M2 < 1 TeV, which is opposite to what the upper experimental
bound of Br(µ→ eγ) constrains. The fact implies that experimental data do
not favor small tanβ in the µνSSM with the MFV assumptions (36). When
tanβ = 30, ∆aµ constrains 2 TeV ≤ M2 < 7 TeV, compared with that the
upper experimental bound of Br(µ → eγ) constrains M2 ≥ 3.5 TeV, the M2
has more consistent interval. So, under the MFV assumptions, the µνSSM
favors large tanβ and M2 for consistent with experimental data.
6. Conclusions
Besides the superfields of the MSSM, the µνSSM introduces three exotic
right-handed sneutrinos νˆci to solve the µ problem of the MSSM. And exotic
right-handed sneutrinos which the vacuum expectation values are nonzero
induce new sources for lepton-flavor violation. In addition, from the scalars
for the µνSSM we strictly separate the Goldstone bosons, which disappear
in the physical gauge.
Considering the updated experimental data on neutrino oscillations, we
analyze various LFV processes and (g−2)µ in the µνSSM. Numerical results
indicate that the new physics corrections dominate the evaluation on the
branching ratios of LFV processes in some parameter space of the µνSSM.
And the theoretical predictions on the branching ratios of LFV processes
µ→ eγ and µ→ 3e for large tan β can easily reach the present experimental
upper bounds and be detected in near future. Additionally, the present
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experimental observations on (g−2)µ also give very strong constraint on the
model. Under the MFV assumptions (36), the µνSSM favors large tanβ and
M2 for consistent with experimental data. Certainly, a neutral Higgs with
mass mh0 ∼ 124 − 126 GeV reported by ATLAS [26] and CMS [27] also
contributes a strict constraint on relevant parameter space, we will discuss
this problem elsewhere.
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Appendix A. Minimization of the potential
First, the eight minimization conditions of the tree-level neutral scalar
potential are given below:
m2Hdυd +
G2
4
(υ2d − υ2u + υνiυνi)υd − (Aλλ)iυuυνci − λjκijkυuυνci υνck
+ (λiλjυνci υνcj + λiλiυ
2
u)υd − Yνijυνi(λkυνckυνcj + λjυ2u) = 0 , (A.1)
m2Huυu −
G2
4
(υ2d − υ2u + υνiυνi)υu + (AνYν)ijυνiυνcj − (Aλλ)iυdυνci
+ (λiλjυνci υνcj + λiλiυ
2
u)υu + Yνijυνi(κljkυνcl υνck − 2λjυdυu)
− λjκijkυdυνci υνck + (YνkiYνkjυνci υνcj + YνikYνjkυνiυνj)υu = 0 , (A.2)
m2
L˜ij
υνj +
G2
4
(υ2d − υ2u + υνjυνj)υνi + (AνYν)ijυuυνcj + Yνilκljkυuυνcjυνck
− Yνijλkυνcjυνckυd − Yνijλjυ2uυd + YνijYνlkυνlυνcjυνck
+ YνikYνjkυ
2
uυνj = 0 , (A.3)
m2ν˜cijυν
c
j
+ (AνYν)jiυνjυu − (Aλλ)iυdυu + (Aκκ)ijkυνcjυνck − 2λjκijkυdυuυνck
+ λiλjυνcj (υ
2
d + υ
2
u) + 2κlimκljkυνcmυνcjυνck + 2Yνjkκiklυuυνjυνcl
− Yνjiλkυνjυνckυd − Yνkjλiυνkυνcjυd + YνjiYνlkυνjυνlυνck
+ YνkiYνkjυ
2
uυνcj = 0 , (A.4)
where G2 = g21 + g
2
2 and g1cW = g2sW = e.
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Appendix B. Mass Matrices
In this appendix, we give the mass matrices in the µνSSM.
Appendix B.1. Scalar mass matrices
For this subsection, we use the indices i, j, k, l,m = 1, 2, 3 and α =
1, . . . , 8.
Appendix B.1.1. CP-even neutral scalars
In the unrotated basis S ′T = (hd, hu, (ν˜i)R, (ν˜ci )
R), one can obtain the
quadratic potential
Vquadratic =
1
2
S ′TM2SS
′ . (B.1)
And the expression for the independent coefficients of M2S are given in detail
below:
M2hdhd = m
2
Hd
+
G2
4
(3υ2d − υ2u + υνiυνi) + λiλjυνci υνcj + λiλiυ2u , (B.2)
M2huhu = m
2
Hu
− G
2
4
(υ2d − 3υ2u + υνiυνi) + λiλjυνci υνcj + λiλiυ2d
− 2Yνijλjυdυνi + YνkiYνkjυνci υνcj + YνikYνjkυνiυνj , (B.3)
M2hdhu = −(Aλλ)iυνci −
G2
2
υdυu + 2λiλiυdυu − λkκijkυνci υνcj
− 2Yνijλjυuυνi , (B.4)
M2hd(ν˜i)R =
G2
2
υdυνi − Yνij(λjυ2u + λkυνckυνcj ) , (B.5)
M2hu(ν˜i)R = −
G2
2
υuυνi + (AνYν)ijυνcj − 2Yνijλjυdυu + Yνikκljkυνcl υνcj
+ 2YνijYνkjυuυνk , (B.6)
M2hd(ν˜ci )R
= −(Aλλ)iυu + 2λiλjυdυνcj − 2λkκijkυuυνcj
− (Yνjiλk + Yνjkλi)υνjυνck , (B.7)
M2hu(ν˜ci )R = −(Aλλ)iυd + (AνYν)jiυνj + 2λiλjυuυνcj − 2λkκijkυdυνcj
+ 2Yνjkκilkυνjυνcl + 2YνjkYνjiυuυνck , (B.8)
M2(ν˜i)R(ν˜j)R = m
2
L˜ij
+
G2
2
υνiυνj +
G2
4
(υ2d − υ2u + υνkυνk)δij
+ YνikYνjkυ
2
u + YνikYνjlυνckυνcl , (B.9)
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M2(ν˜i)R(ν˜cj )R
= (AνYν)ijυu − (Yνijλk + Yνikλj)υdυνck + 2Yνikκjlkυuυνcl
+ (YνijYνkl + YνilYνkj)υνkυνcl , (B.10)
M2(ν˜ci )R(ν˜cj )R
= m2ν˜cij + 2(Aκκ)ijkυν
c
k
− 2λkκijkυdυu + λiλj(υ2d + υ2u)
+ (2κijkκlmk + 4κilkκjmk)υνc
l
υνcm + 2Yνlkκijkυuυνl
− (Yνkjλi + Yνkiλj)υdυνk + Yνki(Yνkjυ2u + Yνljυνkυνl) . (B.11)
We can use an 8 × 8 unitary matrix RS to diagonalize the mass matrix
M2S
RTSM
2
SRS = (M
diag
S )
2 . (B.12)
By unitary matrix RS, S
′
α can be rotated to the mass eigenvectors Sα:
hd = R
1α
S Sα, hu = R
2α
S Sα, (ν˜i)
R = R
(2+i)α
S Sα, (ν˜
c
i )
R = R
(5+i)α
S Sα . (B.13)
Appendix B.1.2. CP-odd neutral scalars
In the unrotated basis P ′T = (Pd, Pu, (ν˜i)I , (ν˜ci )
I), one can also give the
quadratic potential
Vquadratic =
1
2
P ′TM2PP
′ , (B.14)
and the concrete expression for the independent coefficients of M2P
M2PdPd = m
2
Hd
+
G2
4
(υ2d − υ2u + υνiυνi) + λiλjυνci υνcj + λiλiυ2u , (B.15)
M2PuPu = m
2
Hu
− G
2
4
(υ2d − υ2u + υνiυνi) + λiλjυνci υνcj + λiλiυ2d
− 2Yνijλjυdυνi + YνkiYνkjυνci υνcj + YνikYνjkυνiυνj , (B.16)
M2PdPu = (Aλλ)iυνci + λkκijkυνci υνcj , (B.17)
M2Pd(ν˜i)I = −Yνij (λjυ2u + λkυνckυνcj ) , (B.18)
M2Pu(ν˜i)I = −(AνYν)ijυνcj − Yνikκljkυνcl υνcj , (B.19)
M2Pd(ν˜ci )I
= (Aλλ)iυu − 2λkκijkυuυνcj − (Yνjiλk − Yνjkλi)υνjυνck , (B.20)
M2Pu(ν˜ci )I
= (Aλλ)iυd − (AνYν)jiυνj − 2(λkκilkυd − Yνjkκilkυνj)υνcl , (B.21)
M2(ν˜i)I (ν˜j)I = m
2
L˜ij
+
G2
4
(υ2d − υ2u + υνkυνk)δij + YνikYνjkυ2u
21
+ YνikYνjlυνckυνcl , (B.22)
M2(ν˜i)I (ν˜cj )I
= −(AνYν)ijυu + (Yνijλk − Yνikλj)υdυνck + 2Yνilκjlkυuυνck
− (YνijYνkl − YνilYνkj)υνkυνcl , (B.23)
M2(ν˜ci )I (ν˜cj )I
= m2ν˜cij − 2(Aκκ)ijkυνck + 2λkκijkυdυu + λiλj(υ
2
d + υ
2
u)
− (2κijkκlmk − 4κimkκljk)υνc
l
υνcm − 2Yνlkκijkυuυνl
− (Yνkjλi + Yνkiλj)υdυνk + Yνki(Yνkjυ2u + Yνljυνkυνl) . (B.24)
Using an 8× 8 unitary matrix RP to diagonalize the mass matrix M2P
RTPM
2
PRP = (M
diag
P )
2 , (B.25)
we can obtain the mass eigenvectors Pα:
Pd = R
1α
P Pα, Pu = R
2α
P Pα, (ν˜i)
I = R
(2+i)α
P Pα, (ν˜
c
i )
I = R
(5+i)α
P Pα . (B.26)
Appendix B.1.3. Charged scalars
The quadratic potential includes
Vquadratic = S
′−TM2S±S
′+ , (B.27)
where S ′±T = (H±d , H
±
u , e˜
±
Li
, e˜±Ri) is in the unrotated basis, e˜
−
Li
≡ e˜i and
e˜+Ri ≡ e˜ci . The concrete expression for the independent coefficients of M2S±
are given below:
M2
H±
d
H±
d
= m2Hd +
g22
2
(υ2u − υνiυνi) +
G2
4
(υ2d − υ2u + υνiυνi) + λiλjυνci υνcj
+ YeikYejkυνiυνj , (B.28)
M2
H±u H
±
u
= m2Hu +
g22
2
(υ2d + υνiυνi)−
G2
4
(υ2d − υ2u + υνiυνi) + λiλjυνci υνcj
+ YνikYνijυνcjυνck , (B.29)
M2
H±
d
H±u
= (Aλλ)iυνci +
g22
2
υdυu − λiλiυdυu + λkκijkυνci υνcj
+ Yνijλjυuυνi , (B.30)
M2
H±
d
e˜±
Li
=
g22
2
υdυνi − Yνijλkυνckυνcj − YeijYekjυdυνk , (B.31)
M2
H±u e˜
±
Li
=
g22
2
υuυνi − (AνYν)ijυνcj + Yνijλjυdυu − Yνijκljkυνcl υνck
22
− YνikYνkjυuυνj , (B.32)
M2
H±
d
e˜±
Ri
= −(AeYe)jiυνj − YekiYνkjυuυνcj , (B.33)
M2
H±u e˜
±
Ri
= −Yeki(λjυνcjυνk + Yνkjυdυνcj ) , (B.34)
M2
e˜±
Li
e˜±
Lj
= m2
L˜ij
+
1
4
(g21 − g22)(υ2d − υ2u + υνkυνk)δij +
g22
2
υνiυνj
+ YνilYνjkυνcl υνck + YeikYejkυ
2
d , (B.35)
M2
e˜±
Li
e˜±
Rj
= (AeYe)ijυd − Yeijλkυuυνck , (B.36)
M2
e˜±
Ri
e˜±
Rj
= m2e˜cij −
1
2
g21(υ
2
d − υ2u + υνkυνk)δij + YekiYekjυ2d
+ YeliYekjυνkυνl . (B.37)
Through an 8 × 8 unitary matrix RS± to diagonalize the mass matrix
M2
S±
RTS±M
2
S±RS± = (M
diag
S±
)2 , (B.38)
S ′±α can be rotated to the mass eigenvectors S
±
α :
H±d = R
1α
S±S
±
α , H
±
u = R
2α
S±S
±
α , e˜
±
Li
= R
(2+i)α
S±
S±α , e˜
±
Ri
= R
(5+i)α
S±
S±α . (B.39)
Appendix B.2. Neutral fermion mass matrix
Neutrinos mix with the neutralinos and therefore in the unrotated basis
χ′◦T =
(
B˜◦, W˜ ◦, H˜d,H˜u, νRi , νLi
)
, one can have the neutral fermion mass
terms in the Lagrangian:
− 1
2
χ′◦TMnχ
′◦ +H.c. , (B.40)
where
Mn =
(
M mT
m 03×3
)
, (B.41)
with
m =


− g1√
2
υν1
g2√
2
υν1 0 Yν1iυνci Yν11υu Yν12υu Yν13υu
− g1√
2
υν2
g2√
2
υν2 0 Yν2iυνci Yν21υu Yν22υu Yν23υu
− g1√
2
υν3
g2√
2
υν3 0 Yν3iυνci Yν31υu Yν32υu Yν33υu

 (B.42)
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and
M =


M1 0
−g1√
2
υd
g1√
2
υu 0 0 0
0 M2
g2√
2
υd
−g2√
2
υu 0 0 0
−g1√
2
υd
g2√
2
υd 0 −λiυνci −λ1υu −λ2υu −λ3υu
g1√
2
υu
−g2√
2
υu −λiυνci 0 y1 y2 y3
0 0 −λ1υu y1 2κ11jυνcj 2κ12jυνcj 2κ13jυνcj
0 0 −λ2υu y2 2κ21jυνcj 2κ22jυνcj 2κ23jυνcj
0 0 −λ3υu y3 2κ31jυνcj 2κ32jυνcj 2κ33jυνcj


(B.43)
where yi = −λiυd + Yνjiυνj . Here, the submatrix m is neutralino-neutrino
mixing, and the submatrix M is neutralino mass matrix. This 10× 10 sym-
metric matrix Mn can be diagonalized by a 10× 10 unitary matrix Zn:
ZTnMnZn = Mnd , (B.44)
where Mnd is the diagonal neutral fermion mass matrix. Then, we have the
neutral fermion mass eigenstates:
χ◦α =
(
κ◦α
κ◦α
)
, α = 1, . . . , 10 (B.45)
with {
B˜◦ = Z1αn κ
◦
α , H˜d = Z
3α
n κ
◦
α , νRi = Z
(4+i)α
n κ◦α ,
W˜ ◦ = Z2αn κ
◦
α , H˜u = Z
4α
n κ
◦
α , νLi = Z
(7+i)α
n κ◦α .
(B.46)
Appendix B.3. Charged fermion mass matrix
Charged leptons mix with the charginos and therefore in the unrotated
basis where Ψ−T =
(
−iλ˜−, H˜−d , e−Li
)
and Ψ+T =
(
−iλ˜+, H˜+u , e+Ri
)
, one can
obtain the charged fermion mass terms in the Lagrangian:
−Ψ−TMcΨ+ +H.c. , (B.47)
where
Mc =
(
M± b
c ml
)
. (B.48)
24
Here, the submatrix M± is chargino mass matrix
M± =
(
M2 g2υu
g2υd λiυνci
)
. (B.49)
And the submatrices b and c give rise to chargino-charged lepton mixing.
They are defined as
b =
(
0 0 0
−Yei1υνi −Yei2υνi −Yei3υνi
)
, (B.50)
c =

 g2υν1 −Yν1iυνcig2υν2 −Yν2iυνci
g2υν3 −Yν3iυνci

 . (B.51)
And the submatrix ml is the charged lepton mass matrix
ml =

 Ye11υd Ye12υd Ye13υdYe21υd Ye22υd Ye23υd
Ye31υd Ye32υd Ye33υd

 . (B.52)
This 5×5 mass matrix Mc can be diagonalized by the 5×5 unitary matrices
Z− and Z+:
ZT−McZ+ = Mcd , (B.53)
where Mcd is the diagonal charged fermion mass matrix. Then, one can
obtain the charged fermion mass eigenstates:
χα =
(
κ−α
κ+α
)
, α = 1, . . . , 5 (B.54)
with {
λ˜− = iZ1α− κ
−
α , H˜
−
d = Z
2α
− κ
−
α , eLi = Z
(2+i)α
− κ
−
α ;
λ˜+ = iZ1α+ κ
+
α , H˜
+
u = Z
2α
+ κ
+
α , eRi = Z
(2+i)α
+ κ
+
α .
(B.55)
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Appendix C. Approximate diagonalization of mass matrices
Appendix C.1. Neutral fermion mass matrix
If the R-parity breaking parameters are small in the sense that for [16, 28]
ξ = m.M−1, (C.1)
all ξij ≪ 1, one can find an approximate diagonalization of neutral fermion
mass matrix. In leading order in ξ, the rotation matrix Zn is given by
Zn =
(
1− 1
2
ξT ξ −ξT
ξ 1− 1
2
ξξT
)(
V 0
0 Uν
)
. (C.2)
The first matrix in (C.2) above approximately block-diagonalizes the matrix
Mn to the form diag (M,meff ), where
meff = −m.M−1.mT . (C.3)
The submatrices V and Uν respectively diagonalize M and meff in the fol-
lowing way: {
V TMV = Md ,
UTν meffUν = mνd ,
(C.4)
where Md and mνd are respectively diagonal neutralino and neutrino mass
matrix.
Appendix C.2. Charged fermion mass matrix
Similarly to the approximate diagonalization of the neutral fermion mass
matrix discussed above, it’s also possible to find an approximate diagonal-
ization procedure of the charged fermion mass matrix for the small R-parity
breaking parameters [28]. Then, we can define{
ξL = c.M
−1
± +ml.b
T .(M−1± )
T .M−1± ;
ξR = b
T .(M−1± )
T +ml
T .c.M−1± .(M
−1
± )
T .
(C.5)
All ξLij ≪ 1 and ξRij ≪ 1, so in leading order in ξL and ξR, the rotation
matrices Z− and Z+ are respectively given by
Z− =
(
1− 1
2
ξTLξL −ξTL
ξL 1− 12ξLξTL
)(
U− 0
0 V−
)
, (C.6)
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Z+ =
(
1− 1
2
ξTRξR −ξTR
ξR 1− 12ξRξTR
)(
U+ 0
0 V+
)
. (C.7)
Then the matrix Mc can approximately be block-diagonalized to the form
diag (M±, ml). And the submatrices U−, U+ and V−, V+ respectively diago-
nalize M± and ml in the following way:{
UT−M±U+ = M±d ,
V T−mlV+ = mld ,
(C.8)
where M±d and mld are respectively diagonal chargino and charged lepton
mass matrix.
Appendix D. Interaction Lagrangian
In this part, we give the interaction Lagrangian of the relative vertices
for the LFV processes in the µνSSM. And we use the indices i, j = 1, . . . , 3,
β, ζ = 1, . . . , 5, α, ρ = 1, . . . , 8 and η = 1, . . . , 10.
Appendix D.1. Charged fermion-neutral fermion-gauge boson
We now give the interaction Lagrangian of charged fermion, neutral fermion
and gauge boson,
Lint = eFµχ¯βγµχβ + Zµχ¯β(CZχζχ¯βL γµPL + CZχζχ¯βR γµPR)χζ
+ W+µ χ¯
0
η(C
Wχβχ¯
0
η
L γ
µPL + C
Wχβχ¯
0
η
R γ
µPR)χβ
+ W−µ χ¯β(C
Wχ0ηχ¯β
L γ
µPL + C
Wχ0ηχ¯β
R γ
µPR)χ
0
η + · · · , (D.1)
where the coefficients are
C
Zχζχ¯β
L =
e
2s
W
c
W
[
(1− 2s2
W
)δζβ + Z1ζ−
∗
Z1β−
]
,
C
Zχζχ¯β
R =
e
2s
W
c
W
[
2Z1ζ+
∗
Z1β+ + Z
2ζ
+
∗
Z2β+ − 2s2W δζβ
]
,
C
Wχβ χ¯
◦
η
L = −
e√
2s
W
[√
2Z1β− Z
2η
n
∗
+ Z2β− Z
3η
n
∗
+ Z
(2+i)β
− Z
(7+i)η
n
∗]
,
C
Wχβ χ¯
◦
η
R = −
e√
2s
W
[√
2Z1β+
∗
Z2ηn − Z2β+
∗
Z4ηn
]
,
C
Wχ◦ηχ¯β
L =
[
C
Wχβ χ¯
◦
η
L
]∗
, C
Wχ◦ηχ¯β
R =
[
C
Wχβ χ¯
◦
η
R
]∗
. (D.2)
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Appendix D.2. Charged scalars-gauge boson
The interaction Lagrangian of charged scalars and gauge boson is written
as
Lint = ieFµS−∗α
↔
∂µS−α + ieC
ZS−α S
−∗
ρ ZµS
−∗
ρ
↔
∂µS−α + · · · . (D.3)
The coefficient is
CZS
−
α S
−∗
ρ =
e
2s
W
c
W
[
(1− 2s2
W
)δαρ − R(5+i)α
S±
∗
R
(5+i)ρ
S±
]
. (D.4)
Appendix D.3. Charged fermion-neutral fermion-scalars
The interaction Lagrangian of charged fermion, neutral fermion and scalars
is similarly written by
Lint = Sαχ¯ζ(CSαχβ χ¯ζL PL + CSαχβχ¯ζR PR)χβ + Pαχ¯ζ(CPαχβ χ¯ζL PL
+C
Pαχβχ¯ζ
R PR)χβ + S
−
α χ¯β(C
S−α χ
◦
ηχ¯β
L PL + C
S−α χ
◦
ηχ¯β
R PR)χ
0
η
+S−∗α χ¯
0
η(C
S−∗α χβχ¯
◦
η
L PL + C
S−∗α χβχ¯
◦
η
R PR)χβ + · · · . (D.5)
And the coefficients are
C
Sαχβ χ¯ζ
L =
−e√
2s
W
[
R2αS Z
1β
− Z
2ζ
+ +R
1α
S Z
2β
− Z
1ζ
+ +R
(5+i)α
S Z
(2+i)β
− Z
1ζ
+
]
+
1√
2
Yeij
[
R
(5+i)α
S Z
1β
− Z
(2+j)ζ
+ − R1αS Z(2+i)β− Z(2+j)ζ+
]
− 1√
2
YνijR
(2+j)α
S Z
(2+i)β
− Z
2ζ
+ −
1√
2
λiR
(2+i)α
S Z
2β
− Z
2ζ
+ ,
C
Pαχβχ¯ζ
L =
ie√
2s
W
[
R2αP Z
1β
− Z
2ζ
+ +R
1α
P Z
2β
− Z
1ζ
+ +R
(5+i)α
P Z
(2+i)β
− Z
1ζ
+
]
+
i√
2
Yeij
[
R
(5+i)α
P Z
1β
− Z
(2+j)ζ
+ − R1αP Z(2+i)β− Z(2+j)ζ+
]
− i√
2
YνijR
(2+j)α
P Z
(2+i)β
− Z
2ζ
+ −
i√
2
λiR
(2+i)α
P Z
2β
− Z
2ζ
+ ,
C
S−α χ
0
ηχ¯β
L =
−e√
2sW cW
R2α∗S± Z
2β
+
[
cWZ
2η
n + sWZ
1η
n
]
− e
sW
R2α∗S± Z
1β
+ Z
4η
n
−
√
2e
sW
R
(5+i)α∗
S±
Z
(2+i)β
+ Z
1η
n + YνijR
(2+i)α
S±
Z2β+ Z
(4+j)η
n
28
+ YeijZ
(2+j)β
+
[
R1αS±Z
(7+i)η
n − R(2+i)αS± Z3ηn
]
− λiR1αS±Z2β+ Z(4+i)ηn ,
C
S−∗α χβχ¯
◦
η
L =
e√
2sW cW
[
R1α∗S± Z
2β
− +R
(2+i)α
S±
∗
Z
(2+i)β
−
][
cWZ
2η
n + sWZ
1η
n
]
− e
sW
Z1β−
[
R1α∗S± Z
3η
n +R
(2+i)α∗
S±
Z(7+i)ηn
]
+ YνijR
2α
S±Z
(2+i)β
− Z
(4+j)η
n
+ YeijR
(5+j)α
S±
[
Z2β− Z
(7+i)η
n − Z(2+i)β− Z3ηn
]
− λiR2αS±Z2β− Z(4+i)ηn ,
C
Sαχβ χ¯ζ
R =
[
C
Sαχζχ¯β
L
]∗
, C
Pαχβχ¯ζ
R =
[
C
Pαχζ χ¯β
L
]∗
,
C
S−α χ
◦
ηχ¯β
R =
[
C
S−∗α χβχ¯
0
η
L
]∗
, C
S−∗α χβχ¯
◦
η
R =
[
C
S−α χ
◦
ηχ¯β
L
]∗
. (D.6)
Appendix E. Loop-momentum integral
Defining xi =
m2i
m2
W
, we can find the loop-momentum integral for l−j → l−i γ:
I1(x1, x2) =
1
16π2
[ 1 + ln x2
(x2 − x1) +
x1 lnx1 − x2 lnx2
(x2 − x1)2
]
, (E.1)
I2(x1, x2) =
1
16π2
[
− 1 + ln x1
(x2 − x1) −
x1 ln x1 − x2 ln x2
(x2 − x1)2
]
, (E.2)
I3(x1, x2) =
1
32π2
[3 + 2 lnx2
(x2 − x1) −
2x2 + 4x2 ln x2
(x2 − x1)2
− 2x
2
1 ln x1
(x2 − x1)3
+
2x22 ln x2
(x2 − x1)3
]
, (E.3)
I4(x1, x2) =
1
96π2
[11 + 6 ln x2
(x2 − x1) −
15x2 + 18x2 ln x2
(x2 − x1)2
+
6x22 + 18x
2
2 ln x2
(x2 − x1)3
+
6x31 ln x1 − 6x32 ln x2
(x2 − x1)4
]
. (E.4)
And we also can find the loop-momentum integral for l−j → l−i l−i l+i :
G1(x1, x2, x3) =
1
16π2
[ x1 lnx1
(x1 − x2)(x1 − x3) +
x2 ln x2
(x2 − x1)(x2 − x3)
+
x3 ln x3
(x3 − x1)(x3 − x2)
]
, (E.5)
G2(x1, x2, x3) =
1
16π2
[
− (∆ + 1 + ln xµ) + x
2
1 ln x1
(x1 − x2)(x1 − x3)
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+
x22 ln x2
(x2 − x1)(x2 − x3) +
x23 ln x3
(x3 − x1)(x3 − x2)
]
. (E.6)
Here, xµ =
µ2
m2
W
. G2(x1, x2, x3) is divergence, so here we use dimensional
regularization to cancel the divergent part (∆+ 1 + ln xµ). In the numerical
calculation, we will keep the remaining convergent part.
G3(x1, x2, x3, x4) =
1
16π2
[ x1 ln x1
(x1 − x2)(x1 − x3)(x1 − x4)
+
x2 ln x2
(x2 − x1)(x2 − x3)(x2 − x4) +
x3 ln x3
(x3 − x1)(x3 − x2)(x3 − x4)
+
x4 ln x4
(x4 − x1)(x4 − x2)(x4 − x3)
]
, (E.7)
G4(x1, x2, x3, x4) =
1
16π2
[ x21 ln x1
(x1 − x2)(x1 − x3)(x1 − x4)
+
x22 ln x2
(x2 − x1)(x2 − x3)(x2 − x4) +
x23 ln x3
(x3 − x1)(x3 − x2)(x3 − x4)
+
x24 ln x4
(x4 − x1)(x4 − x2)(x4 − x3)
]
. (E.8)
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